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m, receptor MCI- 225 dose-depenoently reduced reserpine- nduced hypothermia (0.3-10 ma/ke no) 

£ r^S^^ m - b ^ U ^ ' etha% (3 ' 100 ^ in rai « These ejects of MCr-225 were 

potent as desipmmmc and more potent than maprotiline, imipramine and trazodone. MCl-"5 and 
de,iprannne,d]d not change either 5-HTP-induoed head movements or (^-w!«dto^»VJt^ rats 
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trazodone did not inhibit oxotremonnc-mduced tremor, lacrimatjon or salivation in mice in contrast with 

ih ^TnT^nr W lhat MCJ-223, which selectively inhibits mupS^run^o^s 
the 5-H r 3 receptor, has potential as a new type of potent antidepressant. unionizes 

Zusammenfassung 
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Selbst bel 1 00 mg/kg p,o. hemmten MCI-225 und Trazodon im Gegensatz zu Imipramin den Oxotremorin- 
mduzierten Tremor, Trinen- und SpeichelfluB nicht. Diesc Ergcbnissc legen nahe, daC MCI-225, das die 
Noradrcnahn-Aufnahmc seJektiv hemmt und 5-HT^Rezeptoren antagonisiert, Potential als ein starkes 
Antidcpressjvum neuen Typs hat. 

Key WOrdS Antidepressants - CAS 994S7-26-0 • 4-(2.HuorophenyJ)-6-methvi-2-n -piperazinyljlhieno 
[2,3-dJpynnudinc monohydrate hydrochloride « MCI-225, antidepressant activity, 5-HT\ receptor antago- 
nism, noradrenaline uptake inhibition, pharmacology 
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1 , Introduction 

Ever since the discovery of irnipramine, a monoamine 
uptake inhibitor, in the eariy 1950s a number of antide- 
pressants have been developed. Most of these antide- 
pressants interact with the noradrenergic- and/or sero- 
tonergic systems in the central nervous svstcm and show 
clinical effectiveness in the treatment of depression [1); 
noradrenaline (NA) and serotonin (5-HT) are believed 
to play an important and multifunctional role in depres- 
sion [2]. Among these antidepressants, the traditional 
agents, such as tricyclic antidepressants (TCA) show po- 
tent, efficacy but they also have adverse effects which 
limit their use, such as anti-cholinergic side effects, al- 
teration of cardiac condition or sedation [3J. Newer 
agents, selective serotonin reuptake inhibitors (SSRI) 
have become popular due to their fewer anti-cholinergic', 
sedative, psychomotor, and cardiovascular side effects [4* 
5], but some investigators do not find SSRI medications 
to be as effective for severe depression as TCAs [6]. 
Therefore, newer antidepressants arc still needed and 
many new antidepressants candidates are being investi- 
gated. 

MCI-225 (4-(2-fluorophenyl)-6-methyl-2-( l-piperazinyl) 
thieno[2J-d]pvrimidine monohydratc hydrochloride, 
CAS 99487-26-0), is a novel psychoactive compound 
that ha.s been reported to improve amnesia in seopola ta- 
me-treated rats and basal forebrain-iesioned rats [7, 8J. 
Furthermore, MCI-225 reduced resistance to extinction 
of the food- rewarded runway response in dorsal norad- 
renergic bundle-lesioned rats, and improved the reduc- 
tion m the number of approaches to a novel object in 
DSP-4, N-(2-chloroethyl)^N-eihyl-2-bromotien7yl- 
amine-trcated mongolian gerbils [91 In these models, the 
concentration of noradrenaline (NA) in the brain was 
markedly decreased and the function of the central nor- 
adrenergic neurons was thought to be impaired. This 
suggests that MCI-225 enhances the central norad- 
renergic function, at least in these models, although its 
mechanism of action remains unknown. For this papet, 
we investigated the neuropharmacology cal profiles of 
MCI-225 and evaluated its antidepressant activity in 
comparison with maprotiline (CAS 10347-81-6), desip- 
ramme (CAS 58-28-6), imipramine (CAS 1 13*52-0), and 
trazodone (CAS 2533209-2). 



2.2. Drugs 

MCI-225 and ondansetron raonohydrochloride dihvdratc (CAS 
103639-04-9) were synthesized and maproiiline hydrochloride 
was extracted from a commercial preparation in our laboratory. 
Other compounds were purchased commercially. MCI-225, L- 
3,4-dihydroxyphenylalanine (L-DOPA, Sigma.. St. Louis, MO, 
USA), and nialamide (Sigma) were suspended in 0.5 %Twccn 
80, and maprotiline was suspended in distilled water. Desipra- 
mine hydrochloride (Sigma), imipramine hydrocliloride 
(Sigma), trazodone hydrochloride (Sigma), yohimbine hydro- 
chloride (Sigma), and ondansetron were dissolved in distilled 
water. 5-H ydroxy-L-tryptophan (5-HTP, Sigma), methamphet- 
aminc hydrochloride (Dainihon, Oasaka, Japan), DL-p-chlo- 
roampnetamine hydrochloride (p-CA, Sigma), nnd serotonin 
hydrochloride (Research BiochcmicaJs International, Natick, 
MA, USA) were dissolved in saline Tetrabenazine (Fluka, 
Buchs, Switzerland) was dissolved in 0.1 N HCI and the solu- 
tion was diluted to the appropriate concentration with distilled 
water. Reserpine (Apoplon, Duiichi, Tokyo, Japan) was also 
used. All drugs were prepared immediaielybcforc use and given 
in a volume of 1 ml/kg to rats or 10 ml/kg to mice. Animals in 
the control group were given the vehicle. 
(' 1 HJAF^DX384(N-[2-[2[(dipropylamino)methvl]-J.piperidinyO 
cihylJ-^,6-djhydro-6-oxo*IIH-pyrido[2,3bJ[L4jbenzodiazepinc- 

I 1 .^k^™,*- . '^"p_ aminoclon i d . 

DAM GO (fl> 

. , •, , — .^Jiasonc, | 3 H]di- 

hydroalprenolol, [ 3 HJDPDPE (fD*Pen : ,D^Pen 5 Jenlcephaim), 
f J H]nunitrazepam, [ 3 H]GR65630(3-(5-methyl-IH-imidazol-4- 
y!)-l-n-methyl-]H-indol-3-ylMpropanone) ( ["CJ5-HT, [ 3 H]5- 
KT, [ J H]ketanserine, [ 3 H!LSD(lvsergic acid dicthylamaide), 
PH]N-methyJcarbamyl choline iodide, [ 3 Hlnaloxone, [ 3 H]NA. 
PHjnwoxetinc, pHjS-OH-DPAT($-hydroxy-2(di.n-propvlamino) 
tetralin), nqphenyiethylamine, pHjpirenzenme. PHJprazosin. 
[ 3 H]pyrilamine, [ 3 H]quwuchdiny3 bcnzilalc, (*H)SCH23390((R). 




2, Material and methods 
2.1. Animals 

Male Wistar rats and male Wistar-lmatnichi rats (Japan Labo- 
ratory Animals, Inc., Tokyo, Japan, and Institute for animal 
reproduction, Ibaraki, Japan, respectively), weighing 150-400 g, 
and male ddY mice (Japan SLC, Inc. Shizuoka, Japan), 
weighing 15-40 g, were used. All animals were housed in groups 
kept in an air-conditioned room on a 12-h light-dark cycle (iighl 
period: 7:00-19:00) and given food and water ad libitum. An- 
imals were sub-divided into groups for different drug treatmenl 
at randomized manner. AU experiments were done between 9:00 
and 18;0O. Each animal was used only once. Details of the re- 
ceptor binding study are shown in Table I. 
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[(methyisulfonyl)a 
indole- 3 -carboxy late), PHlm 

(5u,7a.80)} . N - methyl - N - (7 - ("i" pyrrolidmyl'f- t'- oxaspiro 
[4,5J dec - 8 - ylj - benzeneacetamide were from Amersharo In- 
ternational (Arlington Heights, IL, USA). 

2.3. Synaptosomal uptake of 3 H-NA, S-hT and DA 
Rats were decapitated and the cortical, hypothalamic, hyppo- 
campal and striatal tissues were rapidly dissected. The tissues 
were homogenized (Poiter homogenizer with Teflon pestle) in 
10 volumes of ice cold 0.32 moi/l sucrose The P 2 fraction was 
obtained by centrtfugation at 1000 x g for 10 min and 1 1 500 x g 
for 20 min and suspended in Krebs-Rincer phosphate buffer, 
pH 7.4 (124 nimol/1 NaCl, 5 mmol/I KCl, 20 mmol/l Na-»HP0 4 
}-2 nrnioW KH 2 P0 4 , 1.3 mmol/1 MgS0 4 , 0.75 mmoi/fCaCl 3 , 
JO mmol/J glucose). The [ 3 H]NA uptake experiments were per- 
formed on the cortical and hypothalamic synaptosome, [ 3 H] 5- 
HT uptake experiments were performed on the cortical, hypo- 
thalamic and hippocampal synaptosome, and [ 3 H)DA uptake 
experiments were performed on striatal synaptosome. The assay 
tubes contained radiolabeled ligands in a volume of 0.2 ml, 
compounds at 5 or more concentrations in a volume of O.l ml, 
and the oxygenated buffer described above in a volume of 0.5 
ml. After 5 min preincubation at 37 *C, uptake was initiated by 
the addition of the synaptosomal fraction in a volume of Q.2 
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7a6te 7; Experimental details of each binding assay. 



Binding site 
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Mjft and 0.5 mmol/l ascorbatc pH 7.5, G = 50 
nmol/1 C;iCl : and 1 mnioJ/1 McC nH7.4: O = 5ft mmni/l Ti4i.urU«H iha L_,~m k.../-.. _ . . -> 2 Z\i _ fl^.r'rz 



I Cadj.pH 7.4: E 



iol/l cIucok. dH 7.4- j = 50 mmMfaZV?- ^^JiSfKLSSl 2 ?. "J". 10 . 1 ' 1 " ™'><> 1 1 / ' CO.,, I mmoM MgClj and 5.6 



mmWuc^ J.6 mmol/1 Na, CO,, I inmpW MgCI, and S.t 

SaX^f (1CI-I1855I). « confining 6.. ,n,oM Pl blocker (ICT-894r.rt). " 



rnl. The final concentrations of ( 5 H]NA and ( 3 H]DA in the in- 
cubation mixtures were 0.25 and 0.4 u.moi/1. respectively. The 
Anal concentrations of ( J H)5«HT in the cortical, hypothalamic 
aud ntppocampal synaptosome incubation mixtures were 0.0° 
0.04. and 0.08 umoVI. respectively. The reaction was stopped 
after D mm ([-HINA and f ? H15-HT) or 3 min (pH]DA) bv filtra- 
tion through a Whatman GF/B glass fiber filter under a vacuum 
with a cell harvester. The filter was rinsed three times with 4 ml 
of saline and placed in a scintillation vial containing 10 ml of 
Atomlight (Ou Pont / NEN Research Products). Radioactivity 
was measured by liquid scintillation spectrometry. For the de- 
termination of non-specific uptake incubations were performed 
at 4 C without the addition of test compounds. \C SD values 
were calculated by nonlinear regression analysis. Inhibitor con- 
stants, Kj values, were calculated from the 1C J{ , values based on 
the Cheng-Pruaoff [10] equation as follows: 

Ki = IC 50 /(l +ILJ/KJ 
where [L] is the concentration of the radioligand and IC is the 
equilibrium dissociation constant of the radioligand, 

2.4. Inhibition of radioligand binding 

Appropriate membranes were incubated under the conditions 
described in Table 1 and then filtered through a Whatman GF/ 
a glass liber filter under a vacuum with a cell harvester Radio- 
activity was measured by liquid scintillation spectrometry. IC 5t , 
values were calculated by nonlinear regression analysis. In the 
binding study for NA and 5-flT transporter, the affinity con- 
stants, ft; values for MCI-225 were also calculated based on 
the Chcng-Prusoff [10] equation. In the case of the 5-HT* recep- 
tor, the reactions were performed directly on N IE- 1 1 5" mouse 
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neuroblastoma ceils in 20 mmoi/1 HEPES buffer (pH 7.4) con- 
taming 150 mmol/J NaCl, 0.35 mmol/1 f 3 HJGR65630, and the 
tested compound at 6 or more concentrations at 25 °C for 60 
mm [I J J. The reaction was terminated bv rapid vacuum filtra- 
tion onto gluss fiber filter. Radioactivity" trapped on the filters 
was measured by scintillation spectrometry. Non-specific bind- 
wgw|» determined using 1 pmoVl MDL-7222 (endo - 8 - 
methyl * 8 - azabicydo [3.2 JJ oct - 3 - yj - 3,5 - dichlombenzo- 
a J ff V L c 30 values were calculated by nonlinear regression analy- 
sis. The affinity constants, K ; values, were calculated from the 
iCjo values based on the Cheng-PrusofTj 10] equation. 

2.5. Reserplne-induced hypothermia 

Reserpine (5 mg/kg, i.p.) and test compounds (p. o.) were admin- 
istered simultaneously to mice. Rectal temperature was meas- 
ured 4 h after treatment. 

2.6. Tetrabenazine-induced ptosis 

Tetrabcnazme (12.5 mg/kg, i.p.) was administered to rats 1 b 
after oraUdmimstration of test compounds. Ptosis was scored 
0.5, 1, 2, ^ or 4 h after tetrabenazine administration according 
to the method of Janssen et a!. [12] (0 = normal, 1 = 'A, 2 = l /l 
3 = 74, 4 = complete closure of the eyelid). 

2.7. Yohimbine-induced lethality 

One hour after the administration (p, 0 .) of test compounds, yo- 
himbine (30 m^/kg i.p,) was injected into 8 mice. The number 
of surviving mice was counted 2 h later. The L.D S0 value was 
calculated by Probit analysis. 
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2.8. 5-HTP-incluced head movements 

The method of Katoh et a). [13] was used with modification. In 
Sro /} ?n I the 0^a^ administration of test compounds 5* 
5Jn * i • ^^g, i.p.) was injected into rats, 30 min after 5- 
HTP administration, the number of head movements, including 
both head-shahng and head-weaving, was counted for 3 ram." 

2.9. p-CA-lnduced hyperactivity 

After .* h habituation to an activity cage (24 * 37 x 30 cm), a 
pair of rats were administered test compounds fp.o.) and 30 min 
later injected with p-CA (5 mg/kg, s.c). Locomotor activity was 
measured with an electromagnetic activity meter (Animex auto. 
Muromachi Kilcai, Tokyo, Japan) for 90 min.. 

2.10. Methamphetamine-induced stereotyped behavior 

Rats were orally given test compounds i h before mcthamphet- 
amine (3 mg/kg, s.c.) administration. Stereotyped behavior was 
scored 0,5, 1, 2, 3, 4 h after methamphetamme treatment ac- 
coromg to the criteria of Tobe et al [14] (0 - asleep, eyes closed 
I ~ motionless, eyes open, 2 = moving around the cage. 3 » 
sniffing, 4 = continuous licking or gnawing). 

2.11. L-D0PA-induced behavioral syndrome 

Mice were pretrcated with nialamide (60 mg/kg. p.o.) 19 h be- 
fore the administration of test compounds (p.oj. L-DOPA (100 
mg/kg, i.p.) was administered 1.5 h thereafter and L-DOPA- 
induced behavioral syndromes, mainly piloercction, salivation 
and excitation with increased motor activity, were scored I h 
a f te , HrJ2P£ A a 4 m f nislrali011 according to the method of Ueki 
el al. [15]_(1 = slight, 2 -moderate with increased touch re- 
sponse, 3 - severe with increased touch response, bilinu and 
Straub tail). • e 

2.12. Forced swimming test 

The method of Porsolt et al. [16) was used with modification. 
Briefly, a rat underwent 15 min and 5 min forced swimminc 
trials mtn a 24-h mtertrial interval. At second trial, the dura- 
t»on of immobility was recorded. The effects of single or re- 
pcated (5 and 14 days) oral administration of lest compounds 
•were investigated. The final two administrations were given 1 h 
before the start of the forced swimming trials. 

2.13. Spontaneous motor activity 

One hour after the oral administration of test compounds, the 
locomotor activity of a rat was recorded using an electromag- 
netic activity meter (Animex auto, Muromachi Kikai) in an ac- 
tivity cage (24 x 37 x 30 cm) for 5 min. The elTect of 14-davs 
administration of MC1-225 on die locomotor activity of ra'ts 
was also examined by the same method. 

2.14. Rapid eye movement sleep 

Under pentobarbital sodium anesthesia (Nembutal, Dainihon 
40 mg/kg, i.p.), rats were implanted with electrodes for the 
chronic recording of HCoGs, EMG. and COG activities in the 
frontal and occipital cortex, dorsal neck musculature and ocu- 
lar orbit. Approximately one week after surgery, the rats were 
habituated tor three days to a recording condition, and ECoOs, 
EMG and EOG were recorded using a polygraph (Nihon 
koden, Tokyo, Japan) for 6 h after the oral administration of 
lest compounds. Rapid eye movement sleep (REMS). slow wove 
xleep (SWS) and wakefulness were distinguished based on EC- 
oGs, EMG, and EOG characteristics. 



tremor intensity was scored according to the method of Ogren 
et al. [17] as followed, and the incidences of salivation and lac- 
nrnation were observed. (0 * ao tremor, 1 = moderate, discon- 
tinuous tremor. 2 - intense, continuous tremor involving the 
whole body). 

2,17. Statistics 

The significance of parametric data in the behavior tests was 
analyzed by Dunnett's test following ANOVA. The significance 
ol no n -parametric data in behavior tests was- analvzcd by non 
parametric Dunnett's test following Kruskal-Wal lis' test. Differ- 
ences between groups were considered to be significant if 
p < 0.05. 



3. Results 

3.1, Synaptosomal uptake of 3 H-NA, 3 H-5-HT and 3 H-DA 

As shown in Fig, I and Table 2, MCI -225 inhibited the 
uptake of [-'HjNA in both cortical and hypothalamic sy- 
naptosomcs as potently as maprotiltne and imipramirie. 
but not as much as desipramine. The inhibition of the 



A: NA 




2.15. Von Bezold-Jarisch reflex 

Rats were anesthetized with urethane (12.5 mg/ka, i p) I h after 
oral administration of MCI-225 or ondansetron. The right fem- 
oral vein was cannulated with a polyethylene tube for 5-HT 
injection. ECG and heart rate were monitored by standard 
methods using a polygraph (NEC medical systems, Tokyo, Ja- 
pan) and I h later 5-HT (20 ug/kg) was injected. The area under 
the curve, which describes the bradycardia-quantified effect 
was measured. The ID 3f) value was calculated from the regres- 
sion line. * 

216. Oxotremorine-induced tremor, salivation 
and lacrimation 

One hour afler the oral administration of test compounds, mice 
were injected with oxotremorine (0.2 mg/kg. Lp.)/30 min later, 
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-5 -4 
Concentration (log mol/[) 
fif. I: Inhibition or (>K1NA <X), | 3 H]5-HT {JB), and l 3 H]E>A (O uptake 
ia\o nil brain synapiosomes. The experiment* with PHJNA and ( y rTJ5- 
i3mnT P*" 0 '™ 6 In hypothalamic synapiosomes. The experiment with 
I rfjuA was performed in sinataJ synaptojome. Each point show$ the 
resuli of an experiment performed in duplicate 



Table 2/ Inhibition of ^Hlmonoamine uptake by synaplo$omeS from rat 
bram ussues. 





Ki (nmol/I) 


Compound 


[ 3 HJNA 


^HJS-HT 


[ 3 HJDA 




Cortex 


Hypotha- 
lamus 


Cortex 


Hypotha- 
lamus 


Hippo- 
campus 


Striatum 


MCI-225 

Maprotiline 

Desipramine 

Imipramirie 

Trazodone 


0.696 

1.15 

0.227 

4.50 

1160 


35.0 
19.7 
1.8) 
22.2 
2200 


1070 
4870 
1140 
194 
433 


491 
7900 
537 

130 


244 
5910 
273 
24.1 
74.6 


14800 
20800 
39400 
35200 
23900 
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Table 3: Inhibition of radiolabeled ligand binding by MCI-225. Experi- 
mental details are summarized in Table 1. 



Binding site 


rCj 0 (umol/l) 


tti 


> 10 




5.S 


8; 


> 10 




> 10 


5-HT, 


> 10 


5-HT M 


> 10 




> IU 


S-WT, 


> 10 


5-HT 3 


0.081 


5-HT 4 


4.2 


S-HT 6 
5-HT, 




2.5 


R 1 


* 10 




4.9 


Muscarinic 


9\ 


Mi 


7.3 



M 2 
M 5 

Nicotinic 

H, 

H 2 

GABA-A 
GABA-B 
BZP 

Opinio non-sclccfive 
OpisJe tc 
Opiate u . 
Ooiaie 5 
CRF 

Glucocorticoid 
NA transporter 
5-HT Iransporter 



3.7 

> 10 

> 10 

2.8 

> 10 

> 10 

> 10 

> 10 

> 10 
2.0 

> 10 

5.0 

> 10 

> 10 

0.053 
0.36 



uptake of [ 3 H]5--.HT by MCI-225 was less potent than 
that with cither imipraminc or trazodone. The ratios of 
selectivity (NA/5-HT) for MCI-225, ma pro tiling desipr- 
amine, imiprarninc and trazodone in the hypothalamic 
synaptosome were 14, 400, 300, 2.5 and 0.06, respec- 
tively. All compounds inhibited the uptake of [ 3 H]DA 
less potently than pH]NA or [ 3 H]5-HT. 

3.2. Inhibition of radioligand binding 
Table 3 shows that MCI-225 has a potent affinity for the 
5-HT3 receptor and NA transporter; the IC 50 values for 
rhe inhibition of ( 3 H]GR65630 and [ 3 H]nisoxctine bind- 
ing were 81 and 53 nmol/1, respectively, The affinity for 
5-HT transporter (1C 50 - 360 nmol/l) was lower than for 
NA transporter. The K t values for the NA and 5-HT 
transporter were 26 and 240. nmol/1, respectively. The ra- 
tio of selectivity (NA/5-HT) was 9,2. For the other bind- 
ing site, MCI-225 affinity was remarkably lower. Fig. 2 
shows that MCI-225 and ondansetron inhibit the bind- 
ing of 3 H-GR65630 for the 5-rH\ receptor in NlE-1 15 




• MCI-225 
Ma proline 

o Desipramine 
o Imiprarninc 

* Trazodone 

x Ondansetron 



-9-6-7 4-5-4 
Concentration Oog mol/l) 

2: Inhibition of [ 3 HJGR65630 binding to NIC-1 15 ceils by MCl- 
225, maprotiline, desipramine, imiprarninc trazodone and ondansetron. 
Each poiui show3 the result or an experiment performed in duplicate. 

cells, K, values for MCI-225, maprotiline, desipramine, 
imiprarninc, trazodone, and ondansetron were 3.04 
nmol/1, 0.765 ^mol/l, 1.98 umol/1, 1.18 nmol/1, 30.9 
u-moi/l, and 1.68 nmol/1. respectively. 

3.3, Reserplne-induced hypothermia 

Rescrpine (5 mg/kg, i.p..) decreased the rectal temper- 
ature by approximately 9 °C 4 h after administration. As 
shown in Fig. 3, MCI-225 (0.3- 10 mg/kg) dose-depend- 
ently reduced reserpine-induced hypothermia. Maproti- 
line (1 mg/kg), desipramine (0.3-10 mg/kg), and imi- 
pramine (1-10 mg/kg) also inhibited hypothermia. On 
the olher hand, trazodone (0.1-3 mg/kg) tended to en- 
hance hypothermia. 

3.4, Tetrahenazine-mduced ptosis 

As shown in Fig. 4, letrabenazine (12.5 mg/kg, i.p.) in- 
duced plosis from 0.5 to 4 h after administration. MCI- 
225 (25 and 50 mg/kg) significantly inhibited the tetrabe- 
nazine-induced ptosis. The inhibition bv MCI-225 (50 
mg/k£) continued for 4 h after administration.. Desi- 
pramine, imiprarninc and trazodone (25 and 50 mg/kg) 
also inhibited ptosis, although the effect of trazodone 
was slight. On the other hand, maprotiline did not sig- 
nificantly inhibit ptosis. 

3.5, Yohimbine-lnduced lethality 

Of 8 control mice treated with yohimbine (30 mg/kg), 
only I or 2 mice died, As shown in Table 4, MCI-225 
remarkably enhanced yohirn bine-induced lethality 
(LD50 = 0.26 mg/kg). Maprotiline, desipramine and imi- 
prarninc also potentiated the action of yohimbine 
(LD W = 4.37, 0.33, and 2.5S mg/kg, respectively). Trazo- 
done showed no effect, even at a dose of 100 rag/kg. 



40-. 



cf 35 



\ 30- 



25 J 




Co nU .3 1 3 10 Co nt.t .3 1 3 10 Co nt.t .3 1 3 10 Co" 
MCI-225 Maprotiline Desipramine 



.Ml 3 10 Con u .3 I 3 lO ffngftg, p.©.) 
imfpramine Trazodone 



fStJl-S 1 ?? ?l M 9J' 22 L fn?P««*M»e» desipramine, imiprarninc and trazodone on reserpine-mduced hypothermia in mice. Rectal temperature was 

■eserpme (5 mg/kg. i.p.). DcU are presented as mean x S.E. (n » 6). * p < 0.05, 



a . — . -i vwij/iw.i.iiv, mii^iauuut tiJJU LI.iiUU.0. 

measured 4 0 after the administration of lest compounds (p.o.) and rescrpine (> mg/Kg 
p < 0.01 compared to control group (DunnetU two-tailed test following AN OVA). 
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A:MCl.225 B:Maprotiiine C: Desipramine D: Imipramine E: Trazodone 



4 

• 


• 




♦» 


#» 


°0 1 2 3 4 0 


1 2 3 4 C 


) 1 2 3 4 C 


• 

*• 

1. 2 3 4 0 


12 3 4 



Time after administration of tatrabenazine (r»r) 
-c- Vehicle. 6.25 mg/kg, 12.5 mg/kg, 25 ma/kg, 50 mg/kg 

wmuuuijus «y nurniai. j - /<. z - /2, j «. /«, 4 - complete closure of thn cvelidl Data arc 'presented as mcur (n = ffi • n «nnc * 
compared to control group (non-parametric Dunnetls test following Kruskal-WaUis lest). P rwcntBa " s »«R (« - &)■ P < 0.05, p < 0.01 



Lethality 





Control 


0J a > 


1 0.3" 


i») 


30; 


10 u) 


30-> 


100" 


(95 % confidence limit) 


MCI-225 

Maproliline 

Desiprajnine 

Imipramine 

Trazodone 


2/8 
1/8 
2/8 
2/8 
2/8 


3/8 
3/8 


4/8 

3/8 


5/8 

2/8 

7/8* 

3/8 

3/8 


8/8*' 

4/8 
5/8 
4/8 
2/8 


S/8** 

5/8 
7/8* 
5/8 
1/8 


8/S'* 

6/8* 

8/8 

8/8** 

2/8 


8/8** 

4/8 

8/8" 

8/8** 

3/8 


0.26 (0.06-0.57) 
4.37 (0.003-60,26) 
0.33 (0.04-0.92) 
2.58 (0.55-5.77) 
> 100 


Dose (rng/kg. p.o.) 
* P < 0.05. ** p < 0.0 1, compared la control group (Fisher's 


exact probability test). 









Tahiex EfTects orMCI-2:i, maproliline, dcSLpramine, imipramine and 
tmooone on 5-HTP'indur:ed head movements in rats. Test compounds 
vwe even orally I h before 5-HTP (150 mo/kg, i.p.) adinmislratian. The 
number of head movements was counted for 5 mm 30 min after *-HTP 
administration, Data are presented us mean * S.E. 



Compound 


n 


Dose (mg/kg, p.o.) 




Control 


10 


30 


100 


MCI-225 

iMaprotiline 

Desipramine 

Imipramine 

Trazodone 


8 
8 
8 
8 
8 


1.4*0.4 
0.8*0.4 
1.5 * 0.4 
2.4 * 0.7 
3.3 x 1.0 


2.2 t 0.4 
1.1 £0.5 
1.6 ±0.6 
2.5 * J . I 
1.0 0.5 


1.8*0.5 
1.5*0.7 
3.1 * 0.4 
5.5*3.4 
1.4 * 0.5 


1.3*0.6 
2.3 * 0,6 
I.I s 0.7 
13.1 * 2.1** 
1.3*0.3 



amcwaI* COIIipared t0 conlrol e r °«P (Dunneu's test following- 



3.6. 5-HTP-induced head movements 

As shown in Table 5, 5-HTP (150 mg/kg, i.p.) induced 
head movements slightly. MCI-225, maprotilme, desipr- 
amine and trazodone (10-100 mg/kg) did not signifi- 
cantly change head movements in 5-HTP-treated rats. 
On the other band, imipramine dose-dependently in- 
creased the number of head movements. At a dose of 
100 mg/kg imipramine the enhancement was significant. 

3.7. p-CA-induced hyperactivity 

Table 6 shows that MCI-225 and desipramine (10-100 
mg/kg) did not change p-CA-induced hyperactivity in 
rats, while both imipramine and trazodone produced 
dose-dependent reduction. The effects of imipramine 



r^mpheS ffi^ P^hlomam Dhetainine-induccd hyperactivity in rats. P -ChJo. 

— ^ - " L ^^ -was 



measured for 90 min 1 



Compound 



MCI-225 

Maproriline 

Desipramine 

Imipramine 

Trazodone 



,J Dose (mg/kg, p.a). 
'P<0.05 ( **p <0.0l 



Control 



7388 *823 
7667 * 746 
8244 * 677 
7147*815 
8825 *459 



Spontaneous motor activity (counts/90 min) 



10»> 



6326 * 841 
6644 * 629 
7244 * 240 
6690 * 1045 
3298 s 555** 



30*> 



7271 * 697 
7840 * 744 
5600 * 1137 
5777 * 1238 
2562 * 552" 



compared to control group (Dunnctt's two-tailed test following ANOVA), 



100»> 



6099 * 1 086 

4276 * 841* 

5667 * 768 

3100 * 440* 

1368 - 216** 
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A: MCI-225 B: Maprotiline C: Desipramine D: Imipramine E; Trazodone 




2 3 4 



2340123401 2340123401 
Time after administration of memarnphetamine (hr) 
— o- Vehicle, — — 6.25 mgykg, 12.5 mg/kg, 25 mg/kg, --•-« 50 mg/kg 
Fig. 5: Effects of MCI-225 (A), maprotiline (B\ y desipramine (Q, imipramine (D) t and trazodone (£) on raetlmmphetaraine-iriduced stereotypy in 

= cnminu- 

group (non-porameiric Dunnetfs lest 



/oil owing Kruskal-WaTiis test. 



(100 rog/kg) and trazodone 0 0-100 mg/kg) were signifi- 
cant. At a dose of 100 mg/kg maprotiline reduced the 
hyperactivity, 

3.8. Methamphetamine-induced stereotyped behavior 

Fig. 5 shows the score of stereotypy induced by meth- 
amphetamine (3 mg/kg, s.c.) in fat. MCI-225 did not 
significantly change the stereotypy at any doses tested, 
although 50 mg/kg of MCI-225 showed a tendency to 
enhance stereotypy. Maprotiline. desipramine and imi- 
pramine enhanced stereotypy at doses of 50, 6,25-50, 
and 12.5-50 mg/kg, respectively. Trazodone (6.25-50 
mg/kg) did not show any effect. 

3.9. L-DOPA-inducfid behavioral syndrome 

Table T shows the score of L-DOPA (100 mg/kg, i.p.)- 
induced behaviors. MCI-225, maprotiline and imi- 
pramine (12.5-50 mg/kg) tended to enhance JL-DOPA- 
mduced behaviors, but only desipramine (50 mg/kg) sig- 
nificantly enhanced the behaviors. The effect of trazo- 
done was not clear. 

3.10. Forced swimming test 

As shown in Fig. 6, the duration of immobility time in 
control rats was about 200-250 s. A single administra- 
tion of MCI-225 (tO-100 mg/kg) dose-dependentiy rc- 



Tab/e 7: Effects of MCI-225, mapruiiline, desipramine* imipramine and 
trazodone on L-DOPA-induced behavior in mice. 1° h after the admini- 
stration of nialamide (60 mg/kg, p.o.), mice were given test compounds 
orally. L-DOPA (IO0 mg/kg, Lp.) was administered 1.5 h later and L- 
DOPA-indueed behaviors, mainly piloerection, salivation and excitation, 
and increased motor activity were scored according to the method of 
Ueki et al. f}4] I h after the admin is traiion of L-DOPA (1 - slight, 2 = 
moderate with increased touch response, 3 = severe with increased touch 
response, biting nnd-siraub tail). Data arc presented as mean. 



Compound 


n 


Dose (mg/kg, p.o,} 


Control 


12.5 


25 


50 


MCI-225 


8 


U 


1.5 


1.6 
1.8 


2.3 


Maprotiline 


8 


).] 


1.9 
1.8 


2.1 


DesLpramine 


8 


1.4 


2.0 


2.6** 


Imipramine 


8 


I.I 


1.3 


1.8 


2.0 
1:8 


Trazodone 


8 


1.4 


1.3 


1.6 



w ^ v.wi, wujpuicu iw vumruj 

following Kruscal-Wallis test), 



duced the duration of immobility. With doses of 30 and 
100 mg/kg, the decreases induced by MCI-225 were sig- 
nificant. Both imipramine and desipramine (100 mg/kg) 



A: Slng/e administration 




Cord .lOTOiqO Conl .103CMQO Com .1Q3CHQ0 Gont. lQjff 10U Cof1(.t030l00 (myVg. p.o.) 

MCI-2l»5 Mapratjltn* Oesipramin© Imipramine Toiooone 

B: Sdays administration 




Sont..3 1 31030 Com.3 1030 Cogt .3 tQ30 Cwt. 3 10 30 ImtfkQ. 0.0.) 

MCI-22S Map/otHtne D«siprarm'ne imtpramina 

C: I4days administration 
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Con J 1 310OO Conl. 1 SjOjg Qmi.l S 1030 Gonp 3 10 30 Con y! 3 10 30 (mg\g. c^o J 

MCI-225 MHpraUJjna Oesipramina imiptamine Trazodone 

Fig. 6: Effects of MCI-225, maprotiline, desipramine. imipramine and 
trazodone on the duration of immobility in the forced swimming test in 
rats. Compounds were administered for J (A), 5 (£)> or 14 (Q consccut- 
ivc days. Rats were given J 5 and 5 min forced swimming trials with a 
24 -h intertrial interval. The duration of immobility was recorded at the 
second trial. The last two administrations of the test compounds were 
done I h before the start of each forced swimming trial. Data are pre- 
scnted as mean * S.E. (n = 6). • p < 0.05, p < Q.0J compared to 
control group (Dutinetts two-tailed test followinu AN OVA). 
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Tablv8: Effects of a single administration ol'MCJ-225, maprotiiine, defii- 
prumine, imipramine and trazodone on psontancoTjs motor activity in 
rats. Test compounds were given oraliy 1 h before measurement. Data 
arc presented at mean * S.E. 



Compound 


n 


Spontaneous motor activity (counts/5 min) 




Control 






100-' 


MCi-225 

Maprotiiine 

Desipramine 

Imipramine 

Trazodone 


6 
6 
6 
6 
6 


195*27 
180*52 
206 * 35 
180*33 
150 ±22 


159 * 2* 
151 * 12 
16S *20 
125 ± M 
195*22 


150* 11 
170 ± 35 
103 * J9' 
152*34 
194 * 21 


124 z 27 
I5S t 17 
116 s \Q* 
116*15 

172 * 12 




wing A NOVA). 



vconirol group (Dunnett's lwo-tailed test follo- 



also decreased the duration, and maprotiiine (30 and 100 
mg/kg) produced a slight decrease in the duration that 
was not significant. For both 5 and 14 days of adminis- 
tration the minimum effective dose of MCI-225 was 
1 mg/kg. The minimum effective doses of maprotiiine, 
desipramine and imipraminc were 30. 10, and 30 mg/kg 
for 5 days administration, which decreased to 10, 3, and 
1 0 mg/kg for 14 days administration, respectively. On the 
other hand, trazodone had no effect with either a single 
and 14-days administration. 

3.11. Spontaneous motor activity 

Table 8 shows that a single administration of MCI-225, 
maprotiiine, imipraminc or trazodone (10-100 me/kgj 
did not change spontaneous motor activity in rats. Des- 
ipramine (30 and 100 mg/kg) decreased spontaneous 
motor activity. Administration of MCI-225 for 14 days 
(0.3-30 mg/kg) produced no change in the spontaneous 
motor activity of rats (data not shown). 

3.12. Rapid eye movement sleep 

As shown in Table 9. MCI-225 (10 mg/kg) decreased the 
REMS period without any change in SWS or wakeful- 
ness 6 h observation after administration. MCI-225 ten- 
ded to increase REMS and SWS latencies. Desipramine 
and imipraminc (10 mg/kg) decreased the REM$ period 
with a significant increase in REMS latency. Trazodone 
(10 mg/kg) significantly increased REMS latency, while 
the effect of maprotiiine (10 mg/kg) on both REMS 
period and REMS latency was not significant. 

3.13. Von Bezold-Jarisch reflex 

Fig. 7 shows that both MCI-225 and ondansetron re- 
duced the ability of 5-HT (20 ug/kg, i.v.) to evoke the 



10 100 

Dose {ms/kg, p.o.) 

Fig. 7: Effects of MCI-225 and ondansetron on the von BezoldJarisch 
reflex in rats. Test compounds were administered oraliy 1 h before urcth- 
anc (12.5 g/kg, i.p.). Under anesthesia, the right femoral vein was cannu- 
lated with a polyethylene tube, and HCG and heart rate were recorded 
with a polygraph. 5-HT (20 pg/kg) was injected via the cannula 1 h after 
uretnane administration. 5-HT-induced bradycardia represented by the 
area under the curve was measured. Data are presented as mean * S.E 
(n = 4). 



von Bezold-Jansch reflex. The approximate ID 50 for 
MCI-225 and ondansetron were 22.2 and 0,29 mg/kg, 
p.o., respectively. 

3.14. Oxotremorine-induced tremor, salivation and 
Iaerimation 

Fig. 8 and Table 10 shows that MCI-225 (3-1 0O mg/ks) 
did not inhibit oxotremorine (0.2 mg/kg. i.p.Hnduced 
tremor, salivation, or iaerimation. while imipraminc sig- 
nificantly inhibited tremor at doses of 30 and 100 mg/ 
kg and Iaerimation at 100 mg/kg. Iminramine (10-100 
mg/kg) also inhibited salivation, but hot significantly. 
High doses of desipramine and maprotiiine tended to 
inhibit oxotremorine-induced changes, while trazodone 
showed no effect. 



4. Discussion 

In this study the neuropharmacology profile of MCI- 
225 and its antidepressant activity were examined using 
test procedures widely used. First, MCI-225 exhibited 
the profile of a potent NA uptake inhibitor. In vitro, 
MCI-225 inhibits NA uptake as much as maprotiiine or 
imipraminc, although less than desipramine. In vivo, 
MCI-225 inhibited reserpine-induced hypothermia and 
potentiated yohimiinc-induced lethality as much as des- 
ipramine and more than maprotiiine. imipramine or Ira* 
zodone, In reserpine-induced hypothermia, which is one 
of the most frequently used tests to detect antidepressant 
action, many antidepressants arc reported to antagonize 



Compound 



Dose 
Ong/kg, p.o.) 



REMS laiency 
(mi») 



SWS latency 
(mm) 



REMS {%) 



SWS (%) 



Wakefulness (°/c) 



MCI-225 

Maprouline 

Desipramine 

imipramine 



•p 



Control 
3 
10 

Control 
10 

Control 
3 

to 

Control 
3 
10 

Control 
3 • 
JO 



5 
5 
5 

5 
5 

5 
5 
5 

5 
5 
5 

5 
5 
5 



Trazodone 

| ,v | cu.q* :>.V | 52,8 * 7.6 

< 0.05, ** p < Q.Oh compared to control group (Punncaa test following A NOVA) 



34.4* 7.2 
35.4* 6.3 

64.5 * 24.5 

37.4 s 3.9 
47.0* 6.6 

24.2* 4.6 
45.8 * 8.4 

95.0 * 27.0* 

39.6 * 8.7 

44.1 * 5.2 
177.2 ±51.7» 

31.4- 3.1 
46.7* 6.5 
63.4* 5.0* 



9.3 t 2.2 
13.0* 3.2 
16.4*3.4 

14.4 ± 3.2 
16.2*4.3 

14.4 * 3.7 
20.4 ± 1.8 

10.2 t 4.0 

. 21.0*7.1 
19.0 ± 4.4 
19.2*4.7 

18.3 * 1.3 
16.8*3.5 
32.8 * 7.6 



10.4*0.8 

8.3 * 1.3 
4.1 *0.5" 

10.6 * 0.9 
8.9* |.l 

8.9* 1.7 
5.9* 1.2 
0.7 * 0.3* • 

8.4 = 0.7 
10.2 * 1.2 

1.2*0.2" 

•11.3* 1.0- 
9.8* 1.2 
7.3,1.9 



7O.0 * 2.5 
67.3*2.0 
67.7* 2.4 

64.8 c 0.8 
65.0* 1.5 

66.0 ± 1.6 
66.2 * 2.0 
66.3* 1.3 

61.3* 1.8 

63.2 * 2.0 

69.3 * 3.5 

62.9*2.5 
68.8* 1.5 
66.5* 1.7 



19.6 ±2.1 
24.3 ± 2.4 
28.2 ± 2.7 

24.6* I.I 
26.1 « 0.9 

25.1 * 2.5 
27.8*2,5 
33.0* 1.2* 

30.3x2.5 

26.7 * 2.7 
29.6 * 3.5 

25.8 * 2.7 
21.3 * 2.2 
26.2* 1.2 
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2U997) 
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10 3D <OQ cool 3 10 "30 ' lOQ ConC 3 10 30 100 Com. 3 10 30 IQO Goni . 3 10 30 W mgAq, p.o.) 

imipramine Trazodone 



MCI-225 Waproiilios Desipramine 
Fig. S.\ Effects of MCI-225, maprotiiine. desipnrroinc. imipraraine and trazodone on oxot rem orinc induced tremor in mice. Test comnounda w«c 
aaminisiered orally 1 h before the injection of oxotremorinc (0.2 rag/kg, Lp.). After 30 min. i^mSn SmoTl^modt^ 
discontinuous tremor. 2 = intensive continuous tremor involving the whole oody). Data are presented aimcaMn " gj ? T^D 05 n < I 
compared in control group (oon-parametric Dunnett j test following Kruskal-WaHis test) pre5cnrco M mcaa W P < U - U3 < P < 



Table W: Eflccto of MCI-225, maprolilinc. desiprammc, iiniprainine and 
trazodone on lacrimation and salivation induced by oxoircmorine in 
mice. Oxotrraorine (0.2 nig/kg, i.p.) was injected I h after the oral admi- 
nwirauon of test compounds. Oxoiremorinc-induced lacrimotion and su- 
Hvaiion were observed 30 mtn after (he injection cf oxotremorint Data 
arc presented as the number of mice showing a positive response per 
number of mice tested. 



Compound 


Dose 
(mf/kg. p.o.) 


No. of mice positive/No. of mice 
tested 


Lacrimation 


Salivation 




Control 


8/8 


' 8/8 


MCI-225 


3 


WS 


m 


10 


8/8 


M 




30 


8/8 . 


8/8 




100 


m 


W 




CualroJ 


m 


8/8 


MaproiiJinc 


3 


m 


8/8 


to 


8/8 


7/8 




30 


m 


8/8 




J 00 


7/8 


5/8 




Control 


m 


8/8 


Desipramine 


3 


m 


8/8 


10 


8/8 


8/8 




30 


8/8 


m 




100 


6/8 


7/8 




Control 


8/8 


8/8 


1 mi pr amine 


3 


7/8 


m 


10 


7/8 


5/8 




30 


6/8 


4/8 




100 


3/8* 


5/8 




Control 


M 


8/S 


Trazodone 


3 


m 


8/8 


10 


m 


8/* 




30 


m | 


m 




100 


m 


8/8 



I * P < compared lo ocmrol group (Fisher s exact probability test) 



the hypothermia flS). This effect is of a central origin 
and depends on the activation of the noradrenergic 
mechanism resulting from the inhibition of noradrena- 
line uptake [19]. The potentiation of yohirnbine-induced 
lethality is also used to predict antidepressant activity 
[18], which is exerted mainly through NA uptake inhibi- 
ts? £? d ' 1° a lesser de 8 fee > in 5-HT uptake inhibition 
[20]. Therefore, the effects of MCI-225 in these tests sue- 
gest that MCI-225 inhibits NA uptake not only in vitro 
but also m vivo. In this study, maprotiJine showed strong 
NA uptake inhibition in vitro, but its effect in vivo were 
less potent than MCI-225 or desipramine. Althouth the 
reason for this discrepancy is not clear, Baisara el al. [21] 
reported thai maprotiiine was significantly less potent 
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than desipramine or imipramine in reserpine-indticed 
ptosis in rats. Therefore, some experimental conditions 
m vivo may affect the potency of maprotiiine. On the 
. other hand, trazodone enhanced rcserpine-intluccd hy- 
pothermia. This result is in accordance with earlier ob- 
servation in mice [22] and rats [23]. 
Second, the receptor binding studies show that MCI-225 
has selective affinity for the 5-HT^ receptor among all 
receptors tested. Since MCI-225 inhibited the von Be- 
zoId-Jarisch reflex, a transient reflex bradycardia and hy- 
potensive effect caused bv activation of the cardiac 5- 
HT, receptor [24] in rats,' MCI-225 is thought to have 
an antagonistic action on the 5-HT 3 receptor. 5-HT, re- 
ceptor antagonists are reported to enhance acetylcholine 
release induced by potassium in rat entorhinal cortex 
[25] and ameliorate amnesia induced by scopolamine or 
basal forebrain lesions (26. 27]. As described before, 
MCI-225 reduced amnesia in both scopolamine-treated 
rats and basal forebrain-lesioned rats [7, 9]. These results 
also suggest that MCI-225 acts as a 5-HT-, receptor 
antagonist in vivo. Mats urn oto et al. [28] used' micro dia- 
lysis to show that ondansetron decreases the 5-HT or 
fluoxetine-induced inhibition of NA release in rat brain, 
thus it seems possible that the 5-HT 3 receptor antagonist 
action of MCI-225 decreased the endogenous 5-KT-in- 
duced inhibition of NA release. In fact, the potency of 
MCI-225 in reserpine-induced hypothermia and yohirn- 
bine-induced lethality is similar to that of desipramine, 
although the ft; value of NA uptake inhibition by MCI- 
225 was less than that of desipramine. While the differ- 
ences in the pharmacokinetics of these two NA uptake 
inhibitors may also affect the potency in these in vivo 
tests, the 5-HT, receptor antagonist action of MCI-225 
may contribute to its antidepressant action. In contrast 
to MCI-225, other antidepressants tested showed no af- 
finity for the 5-HT 3 receptor in N IE- II 5 cells. Thus the 
5*HT 3 receptor antagonist activity of MCI-225 is 
thought to be a unique pharmacologic profile compared 
with these antidepressants. 

Compared with NA uptake inhibition, the inhibition of 
5-HT by MCI-225 was less potent both in vitro and in 
vivo. Present results in synaptosomal pHJmonoamine 
uptake tests showed that both desipramine and maproti- 
iine selectively inhibited NA uptake and trazodone selec- 
tively inhibited 5-HT uptake, while imipramine showed 
no selectivity. These results are similar to those reported 
earlier [29, 30]. The ratio of selectivity of uptake (NA / 
5-HT) inhibition in the hypothalamus for MCI-225 was 
14, while that for imipramine was 2.5. Furthermore, 
MCI-225 showed a more selective affinity for the NA 
transporter than the 5-HT transporter (ratio of selectiv- 
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ity - 9.2). This result con-elates with that of the synapto- 
somal uptake and indicated that MCI-225 is a selective 
NA uptake inhibitor. In vivo, even at a dose of 100 m«j 
Kg, p.o M MCN225 did not change either 5-HTP-induced 
head movements or p-CA-induced hyperactivity, both of 
which are significantly affected by imiprarnine, similar 
? i^JL^rva^ons [14, 131. While trazodone inhib- 
ited 5-HT uptake in virm, it did not potentiate 5-HTP- 
induced head movement, Since trazodone has. been re- 
ported to have 5-HT receptor blocking action, this ac- 
tion may mask the effect induced by 5-HT uptake inhibi- 
K°^Jr 3 i' Trazodone has also been reported to inhibit 5- 
HTP-tnduccd head twitch in mice {31]. In tetrabenazine- 
mduced ptosis test, which is also frequently used to de- 
tect antidepressant action, MCI-225 inhibited tetraben- 
azwe-induced ptosis as potent as both desipramine and 
imiprarmne. Bourin [18] showed that not only NA up- 
take inhibitors but also 5-HT uptake inhibitors antago- 
nized this ptosis, so the potent 5-HT uptake inhibition 
by lmipramme may contribute its action in this test 
Both desipramine and imiprarnine showed the enhance- 
ments m the methamphetamine-induced stereotypy test 
but MCI-225 had no significant effects. Since 5-HT\ re- 
ceptor antagonists decreased the release of DA in rat 
"nttuxn Jn vivo [32] and inhibited the hyperactivity in. 
duced by infusion of dopamine into the ventral striatum 

r P^PSfS 18 f33 l' the 5 " HT > rcce Pt^ antagonist action 
ol MCI-225 may mask the enhancement induced by ca- 
techolamine uptake inhibition in this model. 
did not significantly change L-DOPA-induced behavior 
even at a dose of 100 mg/kg, p.o. MCJ-225 also showed 
n0 i afi H££ nt . effcct on DA u P tiikc "> v ^ro, with a Ki 
S^-?Jy°i? } lm<£ * less P otent lhan that for NA uptake. 
MCI-225 did not inhibit either MAO-A or MAO-B ac* 
tiviiy (data not shown), therefore neither DA uptake in- 
hibition nor MAO-mhibition is thought to contribute to 
the antioepressant action of MCI-225. 
The forced swimming test in rats shows a good predic- 
tive value for antidepressant potency in marl [34]. In this 
test, MCi-225 reduced the immobility time after l, 5 
and 14 days of administration at lower doses than the 
other antidepressants tested. Since NA uptake inhibitors 
showed strong action in this test [16], NA uptake inhibit 
£on by MCI-225 is thought to contribute to its action 
hurthermor- since 5-HT;, receptor antagonists are also 
reported to reduce immobility [35], it may be possible 
mat 5-H r 3 receptor antagonist action itself contributes 
£ c l 5?/ educt,on ^mobility by MCI-225. Since MCI- 
225 did not change spontaneous motor activity, its eflec* 
is not thought to be a false positive caused by ejects on 
motor function. MCI-225 showed fulJ activity with only 
5-days administration, and 1 my/kg, p o. of MCI-^5 
significantly reduced the immobility time, while ihe"ef- 
tects of maprotiiine, desipramine, and imiprarnine con- 
tinued to increase after 14-days administration. Oral ad- 
ministration of imiprarnine has been reported t.o yield a 
more potent effect with i month treatment rather than 
2 weeks treatment in this test (36]. A significant reduc- 
tion in immobility by desipramine was observed on days 



carimc receptors and its 5-HT 3 receptor antagonist ac- 
tion. Coupled with the low affinity of MCI-225 for H, 
and a, receptors, MCI-225 should not cause adverse ef- 
* e . c A S T i^ diatc< l by the above receptors. In this study 
MCI-225 was found to reduce the REMS period and to 
show the tendency to increase REMS latency. But the 
suppression of REMS by MCI-225 was less potent than 
tna i^; esi P ramine or imiprarnine. In addition to NA 
• d *F ' choliner ^ c mechanisms have been implicated 
in REMS, and atropine, an anticholinergic agent, has 
been reported to suppress REMS [39]. Thus the weaker 
suppression of REMS by MCI-225 may reflect the lack 
°u n c ^n tI - choljner gic effect. Another possibility is that 
the 5-HT 3 receptor antagonist action of MCI-225 may 
also contribute to its weakness in REMS suppression, 
since there has been a report to show that ^-HT 3 recep- 
tor antagonist increased REMS [40]. Periods of SWS 
and wakefulness were not changed by MCI-225 at doses 
that suppressed REMS. These results suggest that MCI- 
225 does not disturb sleep. 

in conclusion, the present study reveals that MCI-225 
is a selective NA uptake inhibitor with 5-HT 3 receptor 
antagonist action and that it has antidepressant activity 
as potent as TCAs in animal models. The 5-HT 3 recep- 
tor antagonist action of MCI-225 mav contribute to its 
antidepressant action and reduce its anticholinergic ac- 
tion. MCf-225 appears to be a promising candidate for 
a new type of antidepressant. 

5. References 



c w^V ^}yP° tJ ? esis . examination of the clinical efficacy 
of MCI-225 m depressive patients will be needed. In this 
test, trazodone had no effect. This result is similar to 
that reported by Ribiet et ai. [38]. 
Even at a dose of 100 mg/kg, p.o. MCI-225 and trazo- 
done did not inhibit oxoiremorine-induced tremor sal- 
ivation or lacrimation, while imiprarnine inhibited and 
maprotiiine and desipramine tended to inhibit at high 
doses. These results suggest that. MCI-225 and trazo- 
done do not exhibit central and peripheral anii-cho- 
The lack of ami-cUnergic action of 
MCI-225 is thought to be due to its low affinity for mus- 
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Summary 



f f<? c T. J ant f 00d , 1B(ake on "? e Pharmacokinetics of sodium valproate (CAS 1039-66- 
5) was studied in 1 6 healthy male yo unteers. A single dose of a new sustained release formulation contain^ 
L"? 8 S ^ Wm ••""T 01 "; (0rr,ril lon ^ was administered on two occasions eUberTfter a 12-h over- 
l*!st . ^LS r SS T^ T ^ big v h . ener ^ hi E h brca ^t. A wash-om period of al 

ihmJ-,™hni u P tf • , ■ e ? th? ^""Strations. Valproate «erum concentrations were measured by gas 
chromatography at intervals simable for obtabing concentration-time curves for both regimens up to 
a meames uW^?"^^? COncenlrat,on aftEr fa l"ng (17.0 ng/ml) was virtually the same as after 
a meal (16.8 pg/ml). Maximum concentrations were reached after 8 b for both nutritional states. The rate 
of elimination was not affected (terminal half-life approximately 15 b). ThTmwo AUCaL! wlt»> w» 
k, $n£rr?JT m ^ leM 3nd A5S ^ n,,xh in Postprandial subjects. Th^ ^$0 % ^onndena S 
targe ^ P aranleters Y«™ "itirely confined in the bioequivalence range of SO to 
th. nC°wTv rf,v ""M™*** 1 *™* »™ even tighter, thus demonstrating homogeneity of drug rltease from 
the newly developed sodium valproate sustained release preparation. Bioequivalcnc^ 'with respect AoexYtn, 
and rtte of absorption is therefore concluded for the comparison orfS^"mKi?S^iSSS 
SSinT ing« t r ^f & mtain6d relMSe MdiUm Varpr0a,C Pre P araU ° n " n'ahered^/tt^foo. 
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